The objective of this study was to evaluate antifungal and antioxidant activities of Hypericum perforatum L. extracts against the growth of certain fungi. The ethanolic, acetonic and petroleum ether extracts of the plant were evaluated for phenols, flavonoids and nonflavonoids. The highest amounts of phenols (17.6 mg EPC/g dry extract) and flavonoids (16.85 mg EPC/g dry extract) were found in the acetonic extract. The highest inhibitory effect on the growth of Penicillium canescens, Fusarium oxysporum, Alternaria alternata, Aspergillus glaucus and Phialophora fastigiata by the disk diffusion method was exhibited by the ethanolic extract at the concentration of 25 mg/disk. The minimum inhibitory concentration (MIC) of the ethanolic and petroleum ether extracts was 20 mg/mL. The acetonic extract did not affect the growth of the tested fungi. Antioxidant activity was assessed by determining 1,1-diphenyl-2-picrylhydrazyl hydrate (DPPH) free radical scavenging activity. The results showed that the ethanolic extract of Hypericum perforatum L. possesses antioxidant activity. The IC 50 values, defined as the concentration of the test sample leading to 50% reduction of the free radical concentration, determined for each measurement were <7.8125, 105.9, 5.99 and 12.77 μg/ml for the ethanolic extract, the acetonic extract, ascorbic acid and BHT, respectively, for DPPH free radical scavenging activity.
In recent years, the consumption of products derived from Hypericum perforatum L. (Hypericaceae = Clusiaceae) has increased dramatically, the plant being one of the most popular of medicinal plants worldwide [1] . These products derived from Hypericum perforatum L. are available as phytopharmaceuticals, nutraceuticals, teas, tinctures, juices, and oily macerates [2] . Hypericum perforatum L. has a wide range of medicinal uses, including skin wounds, eczema, burns, diseases of the alimentary tract, and psychological disorders [3] . Ethanolic extracts of this plant are known to contain a number of phenolic compounds, including hypericin, hyperforin and their derivatives, rutin, hyperoside, quercetin, chlorogenic acid, flavonols and flavones. This can serve as an indicator of their potential antioxidant properties [4] . Hypericin exhibits antibacterial, antiviral and anti-inflammatory activities [5] , and hyperforin is the major antidepressive component [6] . Hyperforin shows effects against methicillin-resistant strains of Staphylococcus aureus with a minimum inhibitory conCorrespondence: P.Z. Mašković, Department of Chemistry and Chemical Engineering, Faculty of Agronomy, University of Kragujevac, Cara Dušana 34, 32 000 Čačak, Serbia. E-mail: pavlem@tfc.kg.ac.rs Paper received: 19 August, 2010 Paper accepted: 24 January, 2011 centration (MIC) value of 1.0 μg/ml [7] . Apart from having therapeutic properties, Hypericum perforatum L. is also used as a flavouring substance for foods and alcoholic beverages [8] . Additionally, infusions, alcoholic tinctures and fluid extracts of the plant are used in the flavouring industry to prepare liqueurs, especially digestive and tonic bitters [9] . In view of the above literature data confirming the use of H. perforatum as both an effective antimicrobial substrate and a taste corrigent, this study was aimed at evaluating the inhibitory effect of the selected Hypericum perforatum L. extracts against fungal growth in foodstuffs i.e. determining the potential use of the plant extracts as natural preservatives. Various studies suggested that total phenolic compounds are closely associated with antioxidant [10] and antimicrobial activities of phenols and phenolic extracts [11] . Phenols take part in biological oxidation-reduction reactions following the quinone/ /hydroquinone mechanism.
EXPERIMENTAL Chemicals
1,1-Diphenyl-2-picrylhydrazyl hydrate (DPPH), Folin-Ciocalteu, Muller-Hinton broth, ascorbic acid, butylated hydroxytoluene (BHT), nystatin and pyrocate-chol were purchased from Sigma (Sigma-Aldrich GmbH, Sternheim, Germany). Hydrochloric acid, formaldehyde, anhydrous sodium carbonate, potato-glucose agar, methanol, ethanol, acetone and petroleum ether were purchased from Centrohem (Centrohem, Stara Pazova, Serbia). All other chemicals and reagents were of analytical reagent grade.
Spectrophotometric measurements
Spectrophotometric measurements were performed using a UV-Vis spectrophotometer MA9523-Spekol 211 (ISKRA, Horjul, Slovenia). 
Plant material

Preparation of extracts
The air-dried plant H. perforatum L. (40 g) was broken into small 2-6 mm pieces by a cylindrical crusher, and extracted with ethanol:water solution (80:20, v/v, 180 ml) using a Soxhlet apparatus. The mixture was filtered through filter paper (Whatman, No. 1) and evaporated. The residue (5.8 g) was stored in a dark glass bottle for further processing. Conventional microbial culture media were used, which included potato-glucose agar for the disk diffusion method, and the Mueller-Hinton broth for the dilution method.
Determination of phenolic compounds in plant extracts
The acetonic, ethanolic and petroleum ether extracts of the test plant were evaluated for phenolic content. Spectrophotometric methods were employed using Folin-Ciocalteu reagent in NaHCO 3 solution by measuring the absorbance at 765 nm [12] . The phenolic content of the test extracts was compared to the amount of pyrocatechol standard and the results were expressed as mg pyrocatechol per 1 g of dry extract. The flavonoid fraction was determined after precipitation by diluted HCl (1:3) and formaldehyde. Upon filtration, the filtrates were examined for non-flavonoids [12] . The obtained amount of flavonoids was the difference between total phenols and the amount of nonflavonoids.
Test microorganisms
Fusarium oxysporum (FSB91), Penicillium canescens (FSB24), Aspergillus glaucus (FSB32), Alternaria alternata (FSB51) and Phialophora fastigiata (FSB81) were collected from deteriorating fruit samples (lemon and orange) for microbiological analysis. The identification of the test microorganisms was confirmed by the Laboratory of Mycology, Department of Biology, Faculty of Science, University of Kragujevac, Serbia. All fungi were identified by standard mycological methods through determination of macroscopic culture characteristics (SDA, HA and PDA) and physiological characteristics (germination, urease production, capsules).
Disk diffusion assay
The paper disk-agar diffusion method was used to evaluate the antifungal activity of methanol and dichloromethane extracts of each sample [13] . Test plates were prepared with potato glucose agar inoculated with a cell suspension in sterile water. The concentration of the inoculum was adjusted spectrophotometrically to 10 6 CFU/mL to reach a final concentration of 10 5 CFU/mL. Paper disks (6 mm in diameter) were impregnated with 5 and 10 mg of both ethanolic and water extracts per disc. Nystatin was used as a standard antimycotic at a starting concentration of 5 mg/mL with twofold serial dilutions subsequently made. Nystatin was dissolved in sterilized water.
Modification of dilution method
The dilution method is a microbiological method designed to test a series of cultures using various concentrations of an extract to determine the minimum inhibitory concentration (MIC) of the extract [14] [15] [16] . Twofold serial dilutions of the acetonic, ethanolic and petroleum ether extracts were prepared. The extracts were dissolved in phosphate buffer (pH 8) to obtain an initial concentration. A total of eight test tubes were used and each was filled with 1 mL Czapek broth. The first test tube was filled with 1 mL extract of certain concentration. Twofold dilutions of the extracts were subsequently made to obtain the following test concentrations of the extracts: 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.19 and 0.09 mg/mL. Then, up to 0.1 mL spore suspension at an inoculum density of 0.2×10 -4 CFU/mL was added to each test tube. MIC readings were performed after a 48-hour period [17] . Three controls were used: C1 medium, C2: medium + 0.1 mL standardized fungal suspension (1×10 -2 CFU/mL) and C3: medium + 1 mL phosphate buffer + 0.1 mL standardized fungal culture suspension. Nystatin was used as a standard antimycotic at a starting concentration of 5 mg/mL with twofold serial dilutions subsequently made. Nystatin was dissolved in sterilized water.
Determination of DPPH free radical scavenging activity
The method used by Takao et al. [18] was adopted with suitable modifications from Kumarasamy et al. [19] . DPPH (8 mg) was dissolved in MeOH (100 mL) to obtain a concentration of 80 μg/mL. Serial dilutions were carried out with stock solutions (1 mg/ml) of methanol extract to obtain concentrations of 500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.90, 1.95 and 0.97 μg/mL. Diluted solutions (2 mL each) were mixed with DPPH (2 mL) and allowed to stand for 30 min for any reaction to occur, and the absorbance was measured at 517 nm. The experiment was performed in triplicate and the average absorption was noted for each concentration. Ascorbic acid and butylated hydroxytoluene (BHT) were used as reference standards and dissolved in distilled water to make the stock solution with the same concentration (1 mg/mL). The control sample was prepared containing the same volume without test compounds and reference ascorbic acid or BHT. Methanol (95%) was used as a blank. The DPPH free radical scavenging activity (%) was calculated using the following equation: Inhibition = 100(Ac -As)/Ac
The percentage inhibition values were calculated from the absorbance of the control, Ac, and of the sample, As, where the controls contained all the reaction reagents except the extract or positive control substance. The values are presented as the means of triplicate analyses. The IC50 value, defined as the concentration of the test sample leading to 50% reduction of the free radical concentration, was calculated as μg/ml through a sigmoidal dose-response curve.
RESULTS AND DISCUSSION
The amounts of phenols, flavonoids and non-flavonoid compounds were determined in 1ml solution of 0.02 g extract concentration. The calculated values of total phenols, flavonoids and non-flavonoid compounds expressed as mg per 1 g extract of the test plant, i.e., per 100 g of the plant are summarized in Table 1 . They represent mean values of three successive measurements with an error being ±0.5. The above results on the quantitative determination of total phenols, flavonoids and non-flavonoids in the tested Hypericum perforatum L. extracts suggest that the highest contents of phenols and flavonoids were found in the acetonic extract (17.6 mg EPC/g dry extract and 16.85 mg EPC/g dry extract). The contents of total phenols and flavonoid compounds were, respectively, 50 and 60% lower in the ethanol extract of the plant, which however had the highest measured content of nonflavonoid components. The contents of total phenols and flavonoids were almost identical in the petroleum ether extract, which was also found to have the lowest content of non-flavonoid compounds. The antifungal activity of the H. perforatum L. extract was evaluated by the disk diffusion and dilution methods. The test samples included the spore suspension at a density of 0.2×10 4 CFU/mL for the disk diffusion and dilution methods. The duration of test culture growth was 48 and 72 h, respectively [20] . The test results are given in Table 2. The acetonic extract of H. perforatum L. showed poor antifungal activity. The fungi exhibited resistance to all extract concentrations tested. The minimum in- 
CONCLUSION
The highest amounts of phenols (17.6 mg EPC/g dry extract) and flavonoids (16.85 mg EPC/g dry extract) were found in the acetonic extract. The results revealed antioxidant activity of the ethanolic extract of H. perforatum. The IC 50 values determined for each measurement were <7.81, 105.90, 5.99 and 12.77 mg/ml for ethanolic extract, acetonic extract, ascorbic acid and BHT, respectively, for DPPH free radical scavenging activity. The highest inhibitory effect on the growth of Penicillium canescens, Fusarium oxysporum, Alternaria. alternata, Aspergillus glaucus and Phialophora fastigiata, as identified by the disk diffusion method, was exhibited by the ethanolic extract at a concentration of 25 mg/disk. The MIC of the ethanolic and petroleum ether extracts was 20 mg/mL for the fungi Alternaria alternata and Penicillium canescens. Antioxidant and antifungal properties of the extracts and various extracts obtained from many plants are of great interest in both fundamental science and food industry, since their use as potential natural additives emerged from a growing tendency to replace synthetic antioxidants by natural ones. The present study confirmed the antifungal and antioxidant activities of H. perforatum. The obtained results suggest that H. perforatum has moderate antifungal activity under in vitro conditions against the test fungi as well as antioxidant activity relative to the control antioxidants.
